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(54) Title: THROMBIN INHIBITORS 

(57) Abstract 

Compounds of the invention have 
structure (I) for example formula (II). These 
compounds inhibit thrombin and associated 
thrombosis. 
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TITLE OF THE INVENTION 
THROMBIN INHIBITORS 



BACKGROUND OF THE INVENTION 
5 Thrombin is a serine protease present in blood plasma in the 

form of a precursor, prothrombin. Thrombin plays a central role in the 

mechanism of blood coagulation by converting the solution plasma 

protein, fibrinogen, into insoluble fibrin. 

Edwards el al Amer. Chem. Soc. (1 992) vol. 1 14, pp. 
10 1854-63, describes peptidyl a-ketobenzoxazoles which are reversible 

inhibitors of the serine proteases human leukocyte elastase and porcine 

pancreatic elastase. 

European Publication 363 284 describes analogs of 

peptidase substrates in which the nitrogen atom of the scissile amide 
1 5 group of the substrate peptide has been replaced by hydrogen or a 

substituted carbonyl moiety. 

Australian Publication 86245677 also describes peptidase 

inhibitors having an activated electrophilic ketone moiety such as 

fluoromethylene ketone or a-keto carboxyl derivatives. 
20 Thrombin inhibitors described in prior publications contain 

sidechains of arginine and lysine. These structures show low selectivity 

for thrombin over other trypsin-like enzymes. Some of them show 

toxicity of hypotension and liver toxicity. 

25 SUMMARY OF THE INVENTION 

These compounds show selectivity for thrombin over trypsin 
and other trypsin-like enzymes and have oral bioavailability. Trypsin- 
like enzymes (such as trypsin, thrombin, factor xa, kallikrein, plasmin, 
urokinase, and plasminogen activator) are serine dependent enzymes that 

30 catalyze hydrolysis at arginyl and lysyl peptide bonds. 

The invention includes a composition for inhibiting loss of 
blood platelets, inhibiting formation of blood platelet aggregates, 
inhibiting formation of fibrin, inhibiting thrombus formation, and 
inhibiting embolus formation in a mammal, comprising a compound of 
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the invention in a pharmaceutical ly acceptable carrier. These 
compositions may optionally include anticoagulants, antiplatelet agents, 
and thrombolytic agents. The compositions can be added to blood, blood 
products, or mammalian organs in order to effect the desired inhibitions. 
5 The invention also includes a composition for preventing or 

treating unstable angina, refractory angina, myocardial infarction, 
transient ischemic attacks, atrial fibrillation, thrombotic stroke, embolic 
stroke, deep vein thrombosis, disseminated intravascular coagulation, 
ocular build up of fibrin, and reocclusion or restenosis of recanalized 

10 vessels, in a mammal, comprising a compound of the invention in a 

pharmaceutically acceptable carrier. These compositions may optionally 
include anticoagulants, antiplatelet agents, and thrombolytic agents. 

The invention also includes a method for reducing the 
thrombogenicity of a surface in a mammal by attaching to the surface, 

1 5 either covalently or noncovalently , a compound of the invention. 

Some abbreviations that may appear in this application are 

as follows. 

ABBREVIATIONS 

20 

Designation Protecting Group 

BOC (Boc) t-butyloxycarbonyl 

CBZ (Cbz) benzyloxycarbonyl(carbobenzoxy) 

TBS (TBDMS) t-butyl-dimethylsilyl 

Activating Qrovp 

HBT(HOBT or HOBt) 1 -hy droxybenzotriazole hydrate 

Desi gnation CpypHng ReagSfli 

BOP reagent benzotriazol-l-yloxytris- 

(dimethylamino)phosphonium 

hexafluorophosphate 
BOP-C1 bis(2-oxo-3-oxazolidinyl)phosphinic 

chloride 
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EDC 



(BOC)20 (BOC20) 

n-Bu4N+F- 

nBuLi (n-Buli) 

DMF 

Et3N 

EtOAc 

TFA 

DMAP 

DME 

LDA 

THF 



1 -ethyl-3-(3-dimethylaminopropyI) 
carbodiimide hydrochloride 

Other 
di-t-butyl dicarbohate 
tetrabutyl ammonium fluoride 
n-butyllithium 
dimethylformamide 
triethylamine 
ethyl acetate 
trifluoroacetic acid 
dimethylaminopyridine 
dimethoxyethane 
lithium diisopropylamide 
tetrahydrofuran 



lie 

Phe 

Pro 

Ala 

Val 



Amino Acid 

Isoleucine 

Phenylalanine 

Proline 

Alanine 

Valine 



DETAILED DESCRIPTION OF THE INVENTION 
5 Compounds of the invention have the following structure: 

,2 O 



\X 0 
**7 h xj. 



NH, 



wherein 

PJ andR2 are independently 



10 hydrogen. 
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phenyl, 

mono- or di-halogenated phenyl, 

naphthyl, 

biphenyl, 

5 a 5- to 7- membered mono- or bicyclic heterocyclic ring or 

bicyclic heterocyclic ring system any ring of which may be 
saturated or unsaturated, and which consists of carbon atoms and 
from one to three heteroatoms selected from the group consisting 
of N,Oand S, 

10 CMalkyl, 

branched Cj-4 alkyl, 
C3-7 cycloalkyl, 
C5-12bicylic alkyl, 
Cll-16 tricylic alkyl, 

15 (CH 2 ) n R 4 , 

CH(R 4 )2, wherein R 4 is the same or different, 
CH(R 4 )(OR 4 ), provided that "OR 4 " is not OCOOH or 
OCONHR 5 , 

(CH2) n OR 4 provided that "OR 4 " is not OCOOH or 
20 OCONHRSor 

R2 may be joined with R* to form a four- to seven membered 
carbon ring in which zero to two carbon atoms may be substituted 
with heteroatoms independently selected from the list N, O, and S, 

25 where n is 1 , 2, 3 or 4; 

R3 is 

H, 

30 N(R 1 )2, wherein R I is the same or different, 

RlOCONH, provided R 1 is not hydrogen, 
RlCONH, 

(CH2)pOH, where p is 0, 1, 2, 3 or 4, 
R*S02NH, provided R l is not hydrogen, or 
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(Rl) m NCONH, where m is 1 or 2, wherein Rl is the same or 
different; 



phenyl, 

mono- or di-halogenated phenyl, 

naphthyl, 

biphenyl, 

a 5- to 7- membered mono- or bicyclic heterocyclic ring or 

bicyclic heterocyclic ring system any ring of which may be 

saturated or unsaturated, and which consists of carbon atoms and 

from one to three heteroatoms selected from the group consisting 

ofN,Oand S, 

COOR5, 

CONHR5, 

Q -4 alkyl, 

branched Cj-4 alkyl, 

Q3-7 cycloalkyl, 

C5-12 bicyclic alkyl, or 

Cl 1.I6 tricyclic alky!; 



hydrogen, 
CM alkyl, or 
branched Cl-4 alkyl; 

(CH2)q where q is 1 or 2; or 
NR1CH2; and 

SCH2, or 

(CH2)r where r is 1 or 2. 



In one class, the compounds have the following structure: 
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R2 \l ? 



wherein 

R 1 and R2 are independently 

5 hydrogen, 
phenyl, 

mono- or di-halogenated phenyl, 

naphthyl, 

biphenyl, 

10 a 5- to 7- membered mono- or bicyclic heterocyclic ring or 

bicyclic heterocyclic ring system any ring of which may be 
saturated or unsaturated, and which consists of carbon atoms and 
from one to three heteroatoms selected from the group consisting 
of N,Oand S, 

15 CMalkyl, 

branched Q_4 alkyl, 
C3-7 cycloalkyl, 
C5-12 bicylic alkyl, 
Cli-16 tricylic alkyl, 

20 (CH 2 ) n R 4 , 

CH(R4)2, wherein R4 is the same or different, 
CH(R4)(OR4), provided that "OR*" is not OCOOH or 
OCONHR 5 , 

(CH2) n OR4, provided that "OR*" is not OCOOH or 
25 OCONHR 5 or 

R2 may be joined with R* to form a four- to seven membered 
carbon ring in which zero to two carbon atoms may be substituted 
with heteroatoms independently selected from the list N, O, and S, 

30 where n is 1, 2, 3 or 4; 
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R3 is 

H, 

5 N(R 1 )2, wherein R * is the same or different, 

RlOCONH, 
RlCONH, 

(CH2)pOH, where p is 0, 1 , 2, 3 or 4, 
R 1 S02NH,or 

10 (Rl)mNCONH, where m is 1 or 2, wherein R* is the same or 

different; 

R4 is 

phenyl, 

1 5 mono- or di-halogenated phenyl, 

naphthyl, 
biphenyl, 

a 5- to 7- membered mono- or bicyclic heterocyclic ring or 

bicyclic heterocyclic ring system any ring of which may be 
20 saturated or unsaturated, and which consists of carbon atoms and 

from one to three heteroatoms selected from the group consisting 

ofN,OandS, * 

CMalkyl, 

branched Ci -4 alkyl, 
25 C3-7 cycloalkyl, 

C5-I2 bicyclic alkyl, or 

CiM 6 tricyclic alkyl; 

X is (CH2)q where q is 1 or 2; or 
30 NR»CH2;and 

Y is SCH2, or 

(CH2)r where r is 1 or 2. 
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In one subclass of compounds of the invention, X is (CH2)q; 
q is 1 ; Y is (CH2)r; and r is 1 or 2. Specific embodiments of this class 
include 



5 




JO 
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In another subclass of compounds of the invention, X is 
NR 1 ^; R 1 is hydrogen or Cm alkyl; Y is (CH2) r ; and r is 2. Specific 
emboments of this class include 



WO 96/03374 



PCT/US95/09007 



- 15- 




5 The compounds of the present invention, may have 

asymmetric centers and occur as racemates, racemic mixtures and as 
individual diasttreomers, or enantiomers with all isomeric forms being 
included in the present invention. A racemate or racemic mixture does 
not imply a 50:50 mixture of stereoisomers. 

10 When any variable occurs more than one time in any 

constituent or in formula I, its definition on each occurrence is 
independent of its definition at every other occurrence. Also, 
combinations of substituents and/or variables are permissible only if such 
combinations result in stable compounds. 

1 5 As used herein except where noted, "alky!" is intended to 

include both branched- and straight-chain saturated aliphatic hydrocarbon 
groups having the specified number of carbon atoms (Me is methyl, Et is 
ethyl, Pr is propyl, Bu is butyl); "alkoxy" represents an alkyl group of 
indicated number of carbon atoms attached through an oxygen bridge; 

20 "Halo", as used herein, means fluoro, chloro, bromo and iodo; and 
"counterion" is used to represent a small, single negatively-charged 
species, such as chloride, bromide, hydroxide, acetate, trifluroacetate, 
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perchlorate, nitrate, benzoate, maleate, tartrate, hemitartrate, benzene 
sulfonate, and the like. 

The term heterocycle or heterocyclic, as used herein except 
where noted, represents a stable 5- to 7-membeied mono- or bicyclic or 
5 stable 7- to 10-membered bicyclic heterocyclic ring system any ring of 
which may be saturated or unsaturated, and which consists of carbon 
atoms and from one to three heteroatoms selected from the group 
consisting of N, O and S, and wherein the nitrogen and sulfur 
heteroatoms may optionally be oxidized, and the nitrogen heteroatom 

10 may optionally be quaternized, and including any bicyclic group in which 
any of the above-defined heterocyclic rings is fused to a benzene ring. 
The heterocyclic ring may be attached at any heteroatom or carbon atom 
which results in the creation of a stable structure. Examples of such 
heterocyclic elements include piperidinyl, piperazinyl, 2-oxopiperazinyl, 

1 5 2-oxopiperidinyl, 2-oxopyrrolodinyl, 2-oxoazepinyl, azepinyl, pyrrolyl, 
4-piperidonyl, pyrrolidinyl, pyrazolyl, pyrazolidinyl, imidazolyl, 
imidazolinyl, imidazolidinyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, 
oxazolyl, oxazolidinyl, isoxazolyl, isoxazolidinyl, morpholinyl, thiazolyl, 
thiazolidinyl, isothiazolyl, quinuclidinyl, isothiazolidinyl, indolyl, 

20 quinolinyl, isoquinolinyl, benzimidazolyl, thiadiazoyl, benzopyranyl, 
benzothiazolyl, benzoxazolyl, furyl, tetrahydrofiiryl, tetrahydropyranyl, 
thienyl, benzothienyl, thiamorpholinyl, thiamorpholinyl sulfoxide, 
thiamorpholinyl sulfone, and oxadiazolyl. Morpholino is the same as 
morpholinyl. 

25 The pharmaceutically-acceptable salts of the compounds of 

Formula I (in the form of water- or oil-soluble or dispersible products) 
include the conventional non-toxic salts or the quaternary ammonium 
salts which are formed, e.g., from inorganic or organic acids or bases. 
Examples of such acid addition salts include acetate, adipate, alginate, 

30 aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, citrate, 

camphorate, camphorsutfonate, cyclopentanepropionate, digluconate, 
dodecylsulfate, ethanesulfonate, fumarate, glucoheptanoate, 
glycerophosphate, hemisulfate, heptanoate, hexanoate, hydrochloride, 
hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, 
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methanesulfonate, 2-naphthalenesulfonate, nicotinate, oxalate, pamoate, 
pectinate, persulfate, 3-phenylpropionate, picrate, pivalate, propionate, 
succinate, tartrate, thiocyanate, tosylate, and undecanoate. Base salts 
include ammonium salts, alkali metal salts such as sodium and potassium 
salts, alkaline earth metal salts such as calcium and magnesium salts, 
salts with organic bases such as dicyclohexylamine salts, N-methyl-D- 
glucamine, and salts with amino acids such as arginine, lysine, and so 
forth. Also, the basic nitrogen-containing groups may be quatemized 
with such agents as lower alkyl halides, such as methyl, ethyl, propyl, and 
butyl chloride, bromides and iodides; dialkyl sulfates like dimethyl, 
diethyl, dibutyl; and diamyl sulfates, long chain halides such as decyl, 
lauryl, myristyl and stearyl chlorides, bromides and iodides, aralkyl 
halides like benzyl and phenethyl bromides and others. 

Amide couplings used to form the compounds of this 
invention are typically performed by the carbodiimide method with 
reagents such as dicyclohexylcarbodiimide, or 1 -ethyl-3-(3-dimethyl- 
aminopropyl) carbodiimide. Other methods of forming the amide or 
peptide bond include, but are not limited to the synthetic routes via an 
acid chloride, azide, mixed anhydride or activated ester. Typically, 
solution phase amide coupling are performed, but solid-phase synthesis 
by classical Merrifield techniques may be employed instead. The 
addition and removal of one or more protecting groups is also typical 
practice. 

The compounds shown in the tables below are exemplary 
compounds of the present invention: 
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TABLEJ. 



"NH 3 



R 1 Ki vs Thrombin (nM) 

PhCH 2 H 680 

CgH^Ch^ H 150 

3,4-CI 2 -PhCH 2 NH 2 1.5 

PhCH 2 NH 2 3.4 

M 

O NH 47 

Y 
O 

3,4-CI 2 -PhCH 2 CH 3 NH 2.9 



152 




PhCH 2 CH 3 S0 2 NH 17 

3,4-CI 2 -PhCH 2 H 414 
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TABLE 1 CONTINUED 
R 1 



"NH, 



H 

CH 3 NH 


H 


NH 2 
NH 2 




OH 




AcNH 




BocNH 


CH 2 ^Q 


CbzNH 





Ki (nM) vs thrombin 



>10000 
2.3 

27 
30 

63 



170 



9.4 



3.7 



WO 96/03374 



PCT/US95/09007 



-20- 

TABLE I (CONT'D) 



Ki (nM)vs thrombin) 



N^~^-CH 2 OCONH CH 2 — 15 
BocNH 

BocNH CH 2~^ y 12 

BocNH CH 2 CH 2 



BocNH CH 2 0-tBu 6 

CbzNH CH 2 -tBu 2.3 




CbzNH / I 16 



CH 2 
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TABLE 1 (CONT'D) 
R2 R1 Ki (nM) vs Thrombin 
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TABLE 2 



G Ki (nM vs thrombin) 




O ? 0.0025 

Fw§-|fV 
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TABLE 2 (CONT'D^ 

G Ki (nM vs thrombin) 



S— N^V 

o H 




a, 

H0 2 C N^* 1 
Boc-NhT 




t-Bu-O- 





JO 



0.4 



1.3 



0.102 



0.05 



0.1 
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TABLE 2 (CONT'D) 



Ki (nM) 
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TABLE 2 (CONT'D^ 
G Ki fnM) 



5 




0.13 



0.05 



The following synthetic routes can be used to prepare 
compounds of the invention. Using method I (as exemplified by example 
1), ^a/ij-4-t-butoxycart>onylammo-cyclohexyl-methaneamine (1-3) is 
10 coupled to a protected dipeptide such as N-methyl-D-phenylalanyl-L- 
proline using standard amide coupling procedures. The BOC protecting 
groups can then be removed using a strong acid such as HC1 gas. 



WO 96/03374 



PCT/US95/09007 



-26- 

METHOD 1 

Boc-HN 





OH 



1) E DC/DM F/ 
HOBT/TEA 



^ I V 2) HCI(g)/EtOAc 




A second method for constructing the compounds of general 
structure I (as exemplified by example 18) is to react trans-4- 
5 benzyloxycarix)nylamino-cyclohexyl-methaneamine with a protected 
amino acid such as Boc-L-proline. The Amino acid group is removed 
and the freed amine is then coupled with the suitable carboxylic acid. 
The CBZ group is then removed using reducing conditions. 
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METHOP 2 



NHCbz 

1) Boc-Proline/EDC 
DMF/HOBT/TEA 




2) TFA/CH 2 CI 2 



NHCbz 




1) Protected AA/EDC 
DMF/HOBT/TEA 

2) Hg/Pd-C 



NH, 



0 



o 




A third preferred method (as exemplified by example 5) is to 
5 couple the protected Boc-amino-cyclohexylmemanamine-L-proline with 
the desired acid followed by removal of the Boc protecting group to give 
the requisite compound. 
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METHOD 3 

NHBoc NH, 




1) Protected AA/EDC 
DMF/HOBT/TEA 



AA Q 



2) HCI(g)/EtOAc ' 0 




For example, this method can be used to prepare 




♦2HCI 



5 as shown in Example 1 . 
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EXAMPLE 1 

Preparation of /ra«5-4-AminocycIohexylmethyl N-Methyl-D-phenyl- 
alanvl-L-proline amide 



C0 2 H 




NH 2 
Aldrich 



N-carboethoxy- 
phthlamide, heat 

diphenylphosphoryl 
azide 



NCO 




NHCOOt-Bu 




NH; 



1-3 



t-BuOH 



NHCOOt-Bu 



Hydrazine, heat 




WO 96/03374 



PCT/US95/09007 



Boc-N-Me-D-Phe-L-Pro 



EDC/HOBT/TEA/DMF 
80% 



HCI (g) /EtOAc 



95% 



-30- 
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Step 1 : Preparation of N-(fran.s-4-Carboxycyclohexylmethyl)- 

phthalimide , 

N-carboethoxyphthalimide (2 1 .9 g, 0. 1 0 nu trans-A- 
(aminomethyl)cyclohexane carboxylic acid (15.7 g, 0.10 mol) and 
5 triethylamine ( 1 4 mL) were stirred in 1 00 mL THF and the mixture 
refluxed 1 8 h. The nearly clear solution was poured into 400 ml water 
containing 10 mL glac. HOAc with rapid stirring and the precipitated 
product collected by suction and dried in a vacuum oven at 80°C, mp 
190-192°. 

10 

Step 2 : Preparation of N-(fra/w-4-IsocyanatocyclohexyI- 

methvDphthalimide 

The product from example 1, step 1 was stirred in 200 ml 
CC14 containing 10 mL SOCI2 and the mixture refluxed under a drying 
15 tube until the solution remained clear on cooling and gas evolution 
ceased. The mixture was concentrated in vacuo to 100 ml and treated 
with 14.0 mL trimethylsilyl azide at reflux for 18 h. The resulting 
solution was concentrated to give the crude title isocyanate. 

20 Step 3: Preparation of N-(4-tertbutoxycarbonylamino)cyclohexyl- 

methvl phthalimide _ 

The crude product from example 1 , step 2 was treated with a 
solution of lithium ten butoxide in THF for 2 hours at room temperature 
to give a dark solution which was diluted with aqueous acetic acid and 
25 ice to precipitate the crude product which is recrystallized from 1- 
chlorobutane to give beige needles of the title urethane, mp. 163-165°. 

The above urethane phthalimide was treated with 1 equiv 
anhydrous hydrazine in isopropanol for 18 h at room temperature 
followed by 4 h reflux. The mixture was cor rentrated, diluted with cold 
30 aqueous acetic acid and filtered to remove pi ihalazinedione. The 

aqueous layer was basified with NaOH folio t i by extraction with ethyl 
acetate, drying, and evaporation to afford the desired product 1-3 as a 
solid. 
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Step 4 : Preparation of fra/w-4-AminocycIohexyimethyl N-Methyl- 

D-phenylalanyl-L-proline amide 

1-3 (37 mg, 0.16 mmol), Boc-N-Me-D-phenylalanyl-L- 

proline (60 mg, 0.159 mmol), EDC (31 mg, 0.16 mmol), HOBT«H20 (22 
5 mg, 0. 1 6 mmol), and triethyl amine (TEA, 0.045 ml, 0.32 mmol) were 

dissolved in 0.5 ml DMF, adding TEA last. 1.5 ml DMF was added to 

facilitate stirring. The mixture was stirred under argon overnight. 

After overnight stirring, the solution was rotovaped to 

dryness, partitioned between CHCI3 and 1 M citric acid, washed with 
10 10% Na2C02, dried over MgS04 and solvents removed to give 92 mg of 

a colorless oil. 

The oil was dissolved in 3 ml CH2CI2, 1.5 ml TFA was 

added, and the mixture stirred under argon for 1 h. The stirred solution 

was rotovaped to dryness, dissolved in CHCI3, washed with 10% 
15 Na2C03, and dried over MgSC)4. Solvents were removed to give 35 mg 

of an oil. 

The oil was chromatographed on 5 g fine Si02 using 
80:20:2 C-M-NH4OH. Pure fractions were combined to give 30 mg of 
colorless glass. 

20 Glass was suspended in 4 ml Et20. 17mLof9.9M 

Ethanolic HC1 was added and stirred at room temperature. Filtered off 
gummy solid, dried at 65°C at high vacuum overnight to give 18 mg of 1 - 
5. 

25 EXAMPLE 2 

Preparation of N-fra/is-4-AjninocyclohexyImethyl Hydrocinnamyl-L- 
proline amide 

30 Step 1: HydrQcini^yl-L-Prpfrie 

Hydrocinnamic acid (1.63 g., 1 1 mmol) and L-proIine-OMe 
HC1 (2.19 g., 13.2 mmol) were dissolved in 110 ml. of 
dimethylacetamide (DMAc), followed by the addition of 2.19 g. (14.3 
mmol) of HOBt and adjustment to pH 8 with N-methylmorpholine 
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(NMM). Then EDC (3.16 g., 16.5 mmol) was added and the solution 
stirred for 20 nr., followed by concentration in vacuo and extractive 
workup with EtOAc to afford 2.97 g. of oily residue, which was purified 
by chromatography on silica gel to yield 2.68 g. of methyl ester. This 
5 intermediate was saponified in 100 ml. of 50:50 THF/H20 using 5.2 ml. 
of 2.17 N LiOH for 3 nr., to give, after acidification with dil. KHS04, 
removal of the volatile solvents in vacuo, and extractive workup with 
EtOAc, the title compound as a colorless oil. 

10 Step 2: /ra/w-4-Aminocyclohexylmethyl Hydrocinnamyl-L-proline 

amide 

Hydrocinnamyl-L-Proline (238 mg., 0.96 mmol) and N- 
(/ra/i5-4-tert-butoxycarbonyl)-aminocyclohexylmethylamine (200 mg., 
0.88 mmol) were dissolved in 20 ml. of DMF, followed by addition of 
15 1 6 1 mg. ( 1 .06 mmol) of HOBt and adjustment to pH 8 with NMM. Then 
EDC (219 mg., 1.14 mmol) was added and the solution stirred for 2 days, 
followed by concentration in vacuo and extractive workup with EtOAc 
to afford a tacky solid. This material was dissolved in 5 ml. of 100% 
TFA, let 15 min., and the TFA was removed under reduced pressure and 
20 the product purified by preparative HPLC using a TFA(0. 1 %)-CH3CN 
gradient. Lyophilization of pure fractions gave the title compound as a 
trifluoroacetic acid hydrate salt: C21H31N3O2CF3COOHH2O (FAB 
MS 358 (M + H+)). 

25 EXAMPLE 3 

Preparation of /ran5-4-Aminocyclohexylmethyl 3-Cyclohexylpropionyl- 
L-proline amide 

A solution of /ra/w-4-AminocyclohexyImethyl 
30 hydrocinnamyl-L-proIine amide in 50 ml. of 50% HOAc was shaken in a 
Parr apparatus with 80 mg. of Pt02 for 20 hr. The solution was decanted 
and concentrated in vacuo, and the residue was dissolved in water and 
the product purified by preparative HPLC using a TFA(0.1 %)-CH3CN 
gradient. Lyophilization of pure fractions gave the title compound as a 
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trifluoroacetic acid hydrate salt: C24H34N4 O4CF3COOHH2O (FAB 
MS 443 (M + H+)). 

EXAMPLE 4 

5 

Preparation of /ra/iM-Aminocydohexylmethyl D-phenylalanyl-L- 

proline-amide 

Boc-D-phenylalanyl-L-proline-OH (293 mg., 0.809 mmol) 
and N^fra/i5-44ert-butoxycarbonyl)-aminocycIohexyImethylamine (151 

10 mg., 0.66 mmol) were dissolved in 15 ml. of DMa, followed by addition 
of 134 mg. (0.876 mmol) of HOBt and adjustment to pH 7 with NMM. 
Then EDC (167 mg., 0.870 mmol) was added and the solution stirred for 
2 days, followed by concentration in vacuo and extractive workup with 
EtOAc to afford 385 mg. of a tacky solid. This material was dissolved in 

15 10 ml. of 100% TFA, let 20 min., and the TFA was removed under 
reduced pressure and the product purified by preparative HPLC using a 
TFA(0.1 %)-CH3CN gradient. Lyophilization of pure fractions gave the 
title compound as a trifluoroacetic acid hydrate salt: 
C21H32N4O2 CF3COOH H2O (FAB MS 373 (M + H+)). 

20 

EXAMPLE 5 

Preparation of /ra/w-4-Aminocyclohexylmethyl I,4-Benzodioxane-2- 
carboxv-L-proline amide 

25 1 ,4-Benzodioxane-2-carboxylic acid (61 mg., 0.337 mmol) 

and rra/ij-4-(tert-butoxycarbonyl-amino)cyclohexylmethyl L-proline 
amide (87 mg., 0.266 mmol) were dissolved in 15 ml. of DMAc, 
followed by addition of 51 mg. (0.330 mmol) of HOBt and adjustment to 
pH 8 with NMM. Then EDC (63 mg., 0.328 mmol) was added and the 

30 solution stirred for 2 days, followed by concentration in vacuo and 
extractive workup with EtOAc to afford 126 mg. of a tacky solid. This 
material was dissolved in 10 ml. of 1:1 TFA-CH2CI2, let 20 min., and the 
TFA was removed under reduced pressure and the product purified by 
preparative HPLC using a TFA(0.1%)-CH3CN gradient. Lyophilization 
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of pure fractions gave the title compound as a trifluoroacetic acid hydrate 
salt: C21H29N304 CF3COOH-H20 (FAB MS 388 (M + H+)). 

EXAMPLE 6 

Preparation of /ra/is-4-Aminocyclohexylmethyl N-Me-D-phenylalanyl-L- 
azetidine-2-carboxv amide 

Step 1 ' Preparation of fra/w-4-Aminocyclohexylmethyl (H) L- 

Azetidine-2-carboxv amide 

Boc-L-azetidine-2-carboxylic acid (91 mg., 0.450 mmol) 
and N-(rranj-4-benzyloxycarbonyl-ammocyclohexylmemylamine (89 
mg., 0.340 mmol) were dissolved in 15 ml. of DMAc, followed by 
addition of 77 mg. (0.503 mmol) of HOBt and adjustment to pH 8 with 
NMM. Then EDC (83 mg., 0.432 mmol) was added and the solution 
stirred for 2 days, followed by concentration in vacuo and extractive 
workup with EtOAc to afford 140 mg. of a tacky solid. This material 
was dispersed in 10 ml. of EtOAc, the internal temperature was lowered 
to -40 deg, and the solution was saturated with HC1 (warmed to - 10 deg). 
After 5 min. the mixture was purged with N2 for 1 hr., and the solvent 
was removed at reduced pressure to give 1 15 mg. of the title compound 
as its HC1 salt. 

Step 2: Preparation of /ra/ts-4-Aminocyclohexylmethyl N-Me-D- 

phenvlalanvl-L-azetidin e-2-carhoxv amide 

Boc-N-Me-D-phenylalanyl-OH ( 1 1 9 mg., 0.427 mmol) and 
(H) L-azetidme-2-carboxy-(N-/ra/ij-4-aniinocyclohexylmethyl) amide 
HCI salt (1 16 mg., 0.334 mmol) were dissolved in 15 ml. of DMAc, 
followed by addition of 62 mg. (0.405 mmol) of HOBt and adjustment to 
pH 8 with NMM. Then EDC (93 mg., 0.484 mmol) was added and the 
solution stirred for 20 nr., followed by concentration in vacuo and 
extractive workup with EtOAc to afford 179 mg. of a tacky solid. This 
sample was placed in a Kel-F vessel charged with 0.5 ml. of anisole and 
10 ml. of HF, stirred at 0 deg for 1 hr., and the HF was removed under 
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reduced pressure. The crude product was precipitated by the addition of 
1:1 ether-petroleum ether, collected by filtration, and purified by 
preparative HPLC using a TFA(0.1 %)-CH3CN gradient. Lyophilization 
of pure fractions gave the title compound as a trifluoroacetic acid hydrate 
5 salt: C21H32N402-CF3COOH.H20 (FAB MS 373 (M + H+)). 

EXAMPLE 7 

Preparation of /ra/u-4-Aminocyclohexylmethyl L- and D-(3,3)- 

10 diphenvlalanvl-L-proline amide 

To an ice cooled solution of 250 mg (0.73 mmol) of Boc- 
D,L-(3,3)-diphenylalanine, 0.204 ml (1.46 mmol) of triethylamine , and 
238 mg (0.73 mmol) of transit butoxycarbonylamino)cyclo- 
hexylmethyl proline amide in 2 ml of methylene chloride was added 186 

1 5 mg (0.73 mmol) of BOP-chloride. The solution was stirred at 0°C for 30 
min., then at room temp, for 18 hrs. The reaction was diluted with 3X its' 
volume of EtOAc and 0.5X its' volume of aq. 10% citric acid solution. 
The organic layer was washed with water and brine, and was dried (anh. 
MgS04). Filtration and concentration gave a white foam. The crude 

20 foam was purified via column chromatography over silica gel with 5% 
MeOH/CHCl3 to give 400 mg(85%) of the coupling product as a white 
foam. The foam was dissolved in 2 ml CH2C12/2 ml trifluoroactic acid 
under a nitrogen atmosphere, and the solution stirred at room temp, for 18 
hrs. The reaction was concentrated in vacuo to provide a tan foam 

25 consisting of a mixture of product diastereomers at the diphenylalanine 
alpha carbon. The mixture was separated via reverse phase (Cig) 
preparatory HPLC to provide the two pure diastereomers. The more 
polar diastereomer was isolated as a clear glass. The glass was 
suspended in Et20 containing a few drops of EtOAc, and the glass 

30 scratched, sonicated, and filtered to give 65 mg of a glassy white solid. 
AnaL (C27H26N4O2 • 2.35 TFA • 0.70 H20),CHN. High Res. FAB MS: 
M+l theo. = 449.29165, obs. = 449.291 10. The less polar diastereomer 
was crystallized in a similar fashion to give 80 mg of a glassy white solid. 
Anal. (C27H26N402 . 2.30 TFA . 0.70 H20), CHN. High Res. FAB MS: 
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M+l theo. = 449.29165, obs. = 449.29128. The less polar diastereomer 
was the more active isomer in a thrombin inhibition assay, and X-ray 
crystallography of the thrombin bound complex with this compound 
indicated that the stereochemistry at the diphenylalanine alpha carbon 
5 was (R). 

EXAMPLE 8 

Preparation of fra/i$-4-Amino-cyclohexylmethyl N-(3,3-diphenyl-l- 

10 oxo-propan-1 -vn-L-proline amide 

To a stirred solution of 100 mg (0.3 1 mmol) of trans-4-(t- 
Butoxycarbonyl)aminocycIohexylmethyl L-proline amide, 70 mg (0.31 
mmol) of 3,3 diphenylpropionic acid, 46 mg (0.34 mmol) of HOBT, and 
34 mg (0.34 mmol) of triethylamine in 2 ml of anh. DMF under a 

15 nitrogen atmosphere was added 65 mg (0.34 mmol) of EDC. The 

resulting solution was stirred at room temp, for 1 8 h. The reaction was 
diluted with 2X its' volume of aq. 10% citric acid solution, and the 
mixture extracted 2X with EtOAc. The combined EtOAc extracts were 
washed with water and brine, and were dried over anh. MgS04. 

20 Filtration and concentration gave crude product as a yellow oil. The 
product was purified via column chromatography over silica gel with 3:2 
EtOAc/CHCL3 to give 109 mg (64%) of product as a clear glass. 

The product was immediately dissolved in 2 ml CH2CI2/2 
ml trifluoroacetic acid, and the solution stirred at room temp, under a 

25 nitrogen atmosphere for 18 h. The reaction was concentrated in vacuo to 
give a tan foam. The crude product was purified via reverse phase prep 
HPLC to provide pure product as a clear glass. The glass was suspended 
in Et20 containing a few drops of hexanes, and scratching and filtration 
provided 65 mg of the desired product as a white solid, MP = 120-123°C. 

30 Anal. (C27H35N3O2 • 1 .60 TFA • 0.45 H2O), CHN. High Res. FABMS: 
M+l theo. = 434.28075, obs. = 434.28204. 
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EXAMPLE 9 

Preparation of /rarts-4-Amino-cyclohexylmethyl N-(benzylsulfonyl)- 
D and L-3.3-diphenvlalanvl-L-proline amide 

5 

Step 1 : Preparation of D,L-3,3-diphenylalanine methyl ester 

hydrochloride 

To a stirred solution of 600 mg (1 .76 mmol) of Boc-D,L- 
3,3-diphenylalanine in 7 ml of anh. DMF under a nitrogen atmosphere 

10 was added 1 95 mg (2.32 mmol) of NaHC03, followed by 942 mg (6.64 
mmol) of CH3I. The resulting mixture was stirred at room temperature 
for 18 h. The reaction was diluted with aq. 10% citric acid solution, and 
the resulting suspension extracted 2X with EtOAc. The combined 
extracts were washed with water and brine, and were dried over anh. 

15 MgS04. Filtration and concentration provided a yellow oil. The oil was 
dissolved in 2 ml of EtOAc, and the solution cooled to 0°C and bubbled 
with HCL gas for 5 min. The resulting solution was capped and stirred a 
0°C for 15 min. The cold solution was scratched, and a white crystalline 
solid precicptated out. The solid was collected via filtration, washed with 

20 Et20, and dried in vacuo to give 376 mg (73%) of desired product, MP = 
221-222 °C (dec). High Res. FABMS : M+l theo. = 256.13375, obs. = 
256.13287. 

Step 2 : Preparation of N-(benzylsulfonyl)-D,L-3,3-diphenylalanine- 

25 methyl ester 

To an ice water cooled solution of 5.80 g (19.88 mmol) of 
D,L-3,3-diphenylalanine methyl ester hydrochloride and 3.79 g (19.88 
mmol) of benzylsulfonyl chloride in 50 ml pyridine in a nitrogen 
atmosphere was added 2.43 g (19.88 mmol) of 4-dimethylaminopyridine. 
30 The suspension was stirred in the bath for 5 min., then at room temp, for 
18 h. An additional 0.30 eq. of each reagent was added, and stirring 
continued for an additional 4 h. The reaction was concentrated in vacuo, 
and the residue partitioned between aq. 10% citric acid solution and 
EtOAc. The aqueous layer was reextracted with EtOAc, and the 
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combined extracts washed with water and brine. Drying and 
concentration in vacuo provided 6g of crude product as a tacky yellow 
solid. Column chromatography over silica gel with 14:1 CHCl3/EtoAc 
provided 4.85g(60%) of desired product as a white cryst solid, MP = 
5 162-163°C. High Res. FAB MS: M+ theo. = 410.14260, obs. = 
410.14303. 

Step 3 : Preparation of frans-4-Amino-cyclohexylmethyl N- 

(benzylsulfonyl)-D and L-3,3-diphenylalanyl-L-proline 

10 amide 

A solution of 215 mg (0.53 mmol) of N-(benzylsulfonyl)- 
D,L-3,3-diphenyIalanine-methyl ester in 3 ml aq. 2N LiOH/3 ml DME 
was stirred at room temperature for 48 h. The reaction was cone, to 
remove DME, and was acidified with aq. 10% citric acid solution. The 

15 aqueous soln. was extracted 2X with EtOAc. The combined extracts 
were washed with water and brine and were dried (anh. MgS04). 
Filtration and concentration provided 200 mg (95%) of the free proline 
acid. A stirred solution of the 200 mg (0.51 mmol) sample of acid, 166 
mg (0.51 mmol) of fra/i5-4-(t-butoxycarbonyl)amino-cyclohexylmethyl 

20 L-proline amide, and 1 84 mg (0.5 1 mmol) of chloro-N ,N,N' ,N'- 

bis(pentamethylene) formamidinium hexafluorophosphate (Fluka) in 2 ml 
CH2CI2 cooled to 0°C in a nitrogen atmosphere was treated with 1 32 mg 
(1 .02 mmol) of diisopropylethylamine. The solution was stirred at 0°C 
for 5 min., and was stirred at room temp, for 2 h. The solution was 

25 concentrated in vacuo ; and the residue partitioned between aq. 10% citric 
acid and EtOAc. The aqueous layer was reextracted 2X with EtOAc, and 
the combined extracts washed with 5% aq. NaHC03 soln., water, and 
brine. Drying (anh. MgS04) and concentration in vacuo provided crude 
product as a tan foam. The foam was purified via column 

30 chromatography over silica gel with 5%MeOH/CHCl3 to give 161 mg 
(44% based on acid) of the coupling product. The product was dissolved 
in 1.5 ml CH2CI2/1 .5 ml trifluoroacetic acid, and the solution stirred at 
room temp, in a nitrogen atmosphere for 2 h. The reaction was 
concentrated in vacuo to provide a yellow oil , which consisted of a 
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mixture of diastereomers at the diphenylalanine alpha carbon. The 
mixture was separated via reverse phase (Cl8) preparatory HPLC to 
provide pure samples of each diastereomer. The earlier e luting 
diastereomer was isolated after lyophilization as a clear glass. The glass 

5 was suspended in ether, scratched and filtered to give 30 mg of pure more 
polar diastereomer as a white glassy solid. Anal. (C34H42N4O4S • 1 .35 
TFA • 2.00 H20), CHN. FAB MS : M+l = 603. The less polar 
diastereomer was isolated after lyophilization as a white glassy powder. 
Anal. (C34H42N4O4S ■ 1 .45 TFA • 0.70 H2O), CHN. High Res. FAB 

10 MS: M+l theo. = 603.30050, obs. = 603.29885. The less polar 
diastereomer was tentatively assigned the (R) stereochemistry 
(corresponds to the (D) amino acid) at the diphenylalanine alpha carbon, 
as it was determined to be the more active isomer in a thrombin inhibition 
assay. 

15 

EXAMPLE |0 

Preparation of /rans-4-Aminocyclohexylmethyl N-(2-naphthylsuIfonyl)- 
glycyl-L-proline amide. 

20 To a stirred solution of 82 mg (0.34 mmol) of N-(2- 

naphthylsulfonyl)glycine, 100 mg (0.31 mmol) of trans-4-(t- 
butoxycarbonyl)aminocyciohexylmethyl L-proline-amide, 46 mg (0.34 
mmol) HOBT, and 34 mg (0.34 mmol) of triethylamine in 2 ml anh. 
DMF under a nitrogen atmosphere was added 65 mg (0.34 mmol) of 

25 EDC, and the solution stirred at room temperature for 18 h. The reaction 
was diluted with 2X its volume of aq. 10% citric acid solution, and was 
extracted 2X with EtOAc. The combined EtOAc extracts were washed 
with water and brine, and dried over anh. MgS04. Concentration 
provided approx. 200 mg of a white foam. The crude product was 

30 purified via column chromatography over silica gel with 4% 

MeOH/CHCl3 to give 90 mg of purified coupling product as a clear 
glass. The glass was dissolved in 2 ml EtOAc/0.5 ml CHCI3, and the 
solution cooled to 0°C. The solution was bubbled with HC1 gas for 5 
min. at 0°C, and was stirred in the cold for an additional 20 min. 
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Scratching the side of the flask with a glass rod induced crystallization, 
and the precipitated product was filtered off and washed with EtOAc and 
Et20. Drying provided 50 mg of product as a white solid, MP = 1 89- 
191 °C. Anal.(C24H32N404S • HC10.20.CHCI3 • 0.20 H20), CHN. 
5 FAB MS: M=l = 473, 

EXAMPLE 1 1 

Preparation of fran.y-4-Aminocyclohexylmethyl N-(benzylsulfonyl)-D- 
10 phenvlalanvl-L-proline amide 

Step j: Preparation of N-henzene sulfonvl-L-phenvlalanine 

(D)-PheOH (0.83g 5.0 mmol) was dissolved in 40 mL 
dioxane by addition of 5 ml IN NaOH. The resulting solution was 

1 5 treated dropwise with phenylmethanesulfonyl chloride with rapid stirring 
at room temperature. After 1 hour, the mixture was diluted with 10 mL 
H2O and filtered. The filtrate was treated with 2.5 mL aq. KHSO4 and 
concentrated in vacuo. Extraction of the residue with CHCI3 and 
concentration of the CHCI3 gave the title compound which melted at 

20 150°-152°C(n-butylchloride). 

Step 2: Preparation of /ra/i5-4-Aminocyclohexylmethyl N- 

phenvlmethanesulfonvl-D-phe nvlalanvl-L-proline amide 
N-phenylmethanesulfonyl-D-phenylalanine (108 mg, 0.33 

25 mmol) and N-(fra/w-4-tert. butyloxycarbonylaminocyclohexylmethyl L- 
proline amide (130 mg) were coupled with hydroxybenztriazole hydrate 
(55 mg) and EDC-HC1 (70 mg) in 1 mL DMF containing triethylamine 
(100 ml). The mixture was stirred under N2 at room temperature 
overnight, then diluted with 10 mL of 10% aqueous citric acid and 

30 extracted with CH2CI2. The CH2CI2 extracts were washed with aqueous 
Na2C03, dried (Na2SQ4), filtered and concentrated in vacuo to give the 
crude Boc derivative of the title compound. Chromatography on silica 
gel afforded the pure Boc derivative (130 mg) which was treated with 0.3 
mL trifluoroacetic acid in 1 mL CH2CI2 for 6 hours at room temperature. 
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The mixture was concentrated and the residue purified by preparative 
HPLC using a trifluroacetic acid (0.1%)-CH3CN gradient. 
Lyophilization of pure fractions gave the title compound as a 
trifluoroacetic acid hydrate salt: C28H38N404S-CF3C02H*H20 (FAB 
5 MS 527. 1 (M+ H+)) L-372, 1 30. 

example n 

Preparation of fra/w-4-aminocyclohexylmethyl N-methanesulfonyl-D- 
10 phenvlalanvI-L-proline amide 

Step 1 : Preparation o f N-methanesulfonvl-D-phenvlalanvl 

H-D-phenylalanyl-benzy tester (toluenesulfonate salt, 2.14 g, 
5.0 mmol) and triethylamine (1.4 mL) were dissolved in 25 mL CH2CI2 

15 and the solution treated with methanesulfonyl chloride (039 mL, 5.0 
mmol). After 30 minutes at room temperature, the solution was washed 
with 1.2 N HC1, water, and dried (Na2S04). Concentration of the filtered 
CH2CI2 gave 2.3 g of the benzyl ester. The crude product was 
crystallized from n-butyl chloride to give a white solid, mp 76°-77°. 

20 The crystalline ester was hydrogenolyzed in 50 mL abs. 

EtOH with 100 mg 10% Pd-C and balloon pressure of H2. After 1 8 
hours at room temperature, the mixture was filtered through celite and the 
filtrate concentrated. The crude title acid was crystallized by trituration 
with n-butyl chloride, mp 103°-105<\ 

25 

Step 2 : Preparation of /ra/w-4-Ammocyclohexylmethyl N- 
methanesulfonvl-D-phenvlalanvl-L-Droline amide 
The acid of Example 13, step 1 was coupled with N-(trans- 

4-tert. butyloxycarbonylaminocyclohexylmethyl) L-proline amide using 
30 standard conditions. The crude Boc protected intermediate was 

deblocked with CF3CO2H in CH2CI2 and the crude product crystallized 

by trituration with ether to give the title compound C,H ,N for 

C22H34N404S*CF3C02H*H20). 
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EX AMPLE 13 

Preparation of rra/25-4-Aminocyclohexylmethyl fra/i,y-threo-5-phenyl- 

oxazolidine-4-carbonyl-L-proline amide 

5 dl-frans-threo-5-Phenyl-oxazoIidine^-carboxylic acid (2 1 

mg, 1.05 mmol) was coupled with /rans-4-(tert. 
butoxycarbonyl)aminocyclohexy!methyI L-proline amide (330 nig, 1.0 
mmol) using hydroxybenztriazole hydrate (150 mg) and EDC. HC1 (200 
mg) with triethylamine in DMF as in previous examples. The crude 

10 reaction product from CH2CL2 extraction was crystallized from EtOAc 
to give a solid fraction rich in one diastereomer (140 mg). This solid was 
deblocked with TFA in CH2CI2 and the crude product purified by 
preparative HPLC (CF3C02H-H20:CH3CN) to give diastereomer A of 
the title compound after trituration with EtOAc-Et20 (CN, CH for 

1 5 C22H30N4O6-CF3CO2H* 1 .65 H20); HPLC 99% pure A, 4-(R). 

The EtO Ac soluble portion of the coupling product was 
deblocked with CF3CO2H in CH2CI2 and the diastereomer B purified by 
preparative HPLC (CF3C02H-H20:CH3CN) (N, C, H for 
C22H30N4O2^CF3CO2H*L65 H2O, FAB MS 415 (M+H+)); 4-(S). 

20 

EXAMPLE 14 

Preparation of rra/i5-4-(benzyloxycarbonyl)aminocyclohexylmethyl 

amine ' 

25 The crude isocyanate from example 1 , step 3 was treated 

with 1 equiv. benzyl alcohol and triethylamine in THF at reflux for 18 h 
under N2- The product slowly crystallizes and is recovered by 
concentrating the cooled reaction mixture, diluting with ice cold aqueous 
acetic acid and suction filtration. Recrystallization from CH2Cl2-hexane 
gives the title urethane, mp 139-140°. 

The above urethane phthalimide was treated with 1 equiv 
anhydrous hydrazine in isopropanol for 18 h at room temperature 
followed by 4 h reflux. The mixture was concentrated, diluted with cold 
aqueous acetic acid and filtered to remove phthalazinedione. The 
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aqueous layer was basified with NaOH followed by extraction with ethyl 
acetate, drying, and evaporation to afford the desired product as a solid, 
mp 118-121 

5 EXAMPLE 15 

Preparation of /ra/iM-Amino-cyclohexylmethyl N -(3,3-dicyclohexyl- 

1-oxo-prppan-l-yn-^prpling 

In a manner similar to that used in example 9, but 

1 0 substituting 3,3-dicyclohexylpropionic acid for 3,3-diphenylpropionic 
acid, the protected dicyclohexyl analog was prepared. Removal of the 
BOC group with HC1 gas in cold EtOAc followed by trituration with 
Et20 and filtration provided the desired product as a white solid, MP = 
104-107°C HighRes.FABMS:M+theo. = 446.37465, obs. = 

1 5 446.37430. Anal. (C27H47N3O2 • HC1 • 0.35 H2O) C,H,N. 

EXAMPLE L6 

Preparation of fra/?j-4-Amino-cyclohexyl]-methyl N -3-(R) or (S) 

20 phenvl-3-cvclohexyl-l-oxo-propan-l-vlVL-proline amide 

In a manner similar to that described in example 16, but 
substituting 3-(R,S)-cycloxeyl-3-(R,S)-phenyI-propionic acid for 3,3- 
dicyclohexylpropionic acid, was 3-cyclohexyl-3-phenyl compound was 
prepared as a mixture of diastereomers. The diastereomers were 
25 separated via reverse phase prep LC to provide after lyophilization each 
diastereomer as a white fluffy solid. 

More polar diastereomer MP = 1 16- 1 19°C, FAB MS : M+ = 440; 
contains approx. 7% of the other diastereomer by 400 MHz NMR. 
Anal.(C27H4lN302 • 1.25 TFA • 0.80 H2O) Ctffi. 
30 Less polar diastereomer MP = 120 -122°C, FAB MS: M+ = 440; contains 
approx. 4% of the other diastereomer by 400 MHz NMR. 
Anal.(C27H4lN302 • 1.25 TFA . 0.65 H2O) C,H,N. 



WO 96/03374 



PCT/US95/09007 



-45- 
EXAMPLE 17 

Preparation of /ranj-4-Aminocyclohexylraethyl L- and D-3,3- 
Dicvclohexvlalanyl-L-proiine amide 

5 " ' " ■ — - 

StepJ.: Preparation o f N-CBZ-D.r-3.3-dicvclohexvIalamne 

A solution of 2.00g of D,L-3,3-diphenylalanine HC1 in 50 
ml acetic acid/10 ml H20 was hydrogenated at 62 psi on a Parr apparatus 
over 500 mg of Ir black catalyst. After 24h, a second portion of catalyst 

10 was added and the reaction continued for a second 24 h interval. The 
reaction was filtered through a Celite pad, and the filtrate concentrated in 
vacuo to give a tan foam. The foam was diluted with Et20, scraped , 
and sonicated to give 1.38g of D,L-3,3-dicyclohexylaIanine HC1 as a tan 
solid, MP = 261-264°C. The amino acid (4.76 mmol) was dissolved in 

1 5 40 ml of 2N NaOH, and the solution cooled to 0°C. The solution was 
treated dropwise with 1.06 g(6.19 mmol) of benzyl chloroformate with 
the temp, maintained at < 5°C. After completion of the addition, the 
reaction was stirred at 0«C for 15 min., then at room themp. for Ih. The 
suspension was acidified to pH 2 with 2.75 M KHSO4 solution, and the 

20 suspension extracted with 3 x 50 ml of EtOAc. The combined extracts 
were dried, decolorized with activated carbon , and filtered through a 
Celite pad. Concentration provided a peach colored oil which partially 
crystallized on pumping. The residue was triturated with hexanes which 
induced further crystallization. Filtration provided 1 .00 g (55%) of 

25 desired product as a white crystalline solid, MP = 1 50 - 1 52 °C. High 
Res. FABMS: M+ theo. = 388.24878 ; obs. = 388.24793. 

3tep 2: Preparation of N-CBZ-L- and D-3,3-Dicyclohexylalanyl-L- 

proline 

30 A solution of 850 mg (2. 1 9 mmol) of N-CBZ-D,L-3,3- 

dicyclohexylalanine, 363 mg (2.19 mmol) of proline methyl ester HCI, 
325 mg (2.4 1 mmol) of EDC, and 488 mg (4.82 mmol) of triethylamine 
in 12 ml of anh. DMF was treated with 462 mg (2.41 mmol) of EDC, and 
the resulting solution stirred at room temp, in an N2 atmosphere for 18h. 



WO 96/03374 



PCT/US95/09007 



-46- 

The reaction was diluted with 3x its volume of 10% citric acid solution, 
and the suspension extracted with 2 x 40 ml of EtOAc. The combined 
EtOAc extracts were washed with water and brine, ,and were dried and 
concentrated to provide the crude coupling product. The crude product 
5 was purified via column chromatography over silica gel with 2.5 % 
MeOH/CHCl3 to give the pure coupling product as a white foam. The 
foam was dissolved in 5 ml 2M LiOH/ 5 ml DME, and the solution 
stirred vigorously at room temp, for 18 h. The reaction was acidified 
with 10% citric acid solution and extracted with EtOAc. The extract was 

1 0 washed with brine, dried, and concentrated to provide the crude N-CBZ- 
L- and D-3,3-dicyclohexylalanine-L-proline as a mixture of 
diastereomers. The acid diastereomers were separated via reversed phase 
preparatory HPLC to provide 370 mg of the more polar diastereomer as a 
white foam. High Res. FAB MS: M+ theo. = 485.30154, obs. = 

1 5 485.30090. 363 mg of the less polar diastereomer was also obtained as a 
glass. High Res. FABMS: M+ theo. = 485.30154, obs. = 485.30162. 
Each diastereomer was completely free of the other diastereomer by 
analytical HPLC and NMR. 

20 Step 3 : Preparation of L- and D-3,3-Dicyclohexylalanyl-L-proline- 

N-frrfln^4-aminocvclohexyllmethyl amide 

A solution of 361 mg (0.75 mmol) of the more polar 
diastereomer of N-CBZ-3,3-DicycIohexylalanyl-L-proline, 197 mg(0.75 
mmol) of trans-{4- N-CBZ-aminocyclohexyl)methyl amine, 1 12 mg 

25 (0.83 mmol) of HOBT, and 84 mg (0.83 mmol) of triethylamine in 5 ml 
anh. DMF was treated with 159 mg (0.83 mmol) of EDC, and the 
resultiong solution stirred at room temp, in an N2 atmosphere for 18 h. 
The reaction was diluted with 3X its volume of water, and the suspension 
stirred vigorously at room temp, for 15 min. The suspension was filtered, 

30 and the white solid washed with water and dried. 528 mg (97%) of the 
bis-CBZ protected coupling product was obtained, MP = 79-82°C. A 
500 mg sample of this material was dissolved in 40 ml of 4:1 . 
EtOH/water, and was hydrogenated on a Parr apparatus at 50 psi over 
150 mg of Pd(OH)2 catalyst for 18h. The reaction was filtered through a 
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Celite pad , and the filtrate concentrated to provide the crude product as a 
clear oil. The oil was purified via reverse phase prep LC to provide 330 
mg of the desired product after lyophilization as an amorphous glass. HR 
FABMS: M+ theo. = 461.38555, obs. = 461.38646. Anal.(C27H48N402 
5 • 2.40 TFA • 0.45 H20) C,H,N. 

An identical procedure performed on 348 mg (0.72 mmol) of 
the more polar diastereomer of N-CBZ-Dicyclohexylalanine-L-proline 
provided 275 mg of product as an amorphous tacky solid. HR FABMS: 
M+ theo. = 461.38646, obs. = 361.38664. Anal. (C27H48N4O2 • 2.50 
10 TFA • 0.50 H2O) C,H,N. This material was the more active diastereomer 
in a Thrombin inhibition assay, and was therefore assigned the (R)- 
configuration at the dicyclohexylalanine alpha position. 



EXAMPLE 18 

15 

Preparation of /ranM-Aminocyclohexylmethyl N-BOC-L- and D-3,3- 
Dicvclohexvlalanvl-L-pro line amide 

Step 1 : Preparation of N-BOC-DX-33-dicvclohexvlalanine 
20 To a solution of 2.00g (6.90 mmol) of D,L-3,3- 

dicyclohexylalanine in in 17 ml IN NaOH/9 ml water/17 ml 1,4 dioxane 
cooled to 0°C was added 1.66 g (7.59 mmol) of di-(t-butyl) dicarbonate 
in portions over approx. 2 min. The solution was stirred in the cold for 5 
min., then at room temp, for an additional 2h. The reaction was 
concentrated to remove most of the dioxane, and was cooled in an ice 
bath. The cold reaction was acidified to pH 2 with IN KHSO4, and was 
extracted 2x with EtOAc. The combined extracts were washed with 
water and brine, and were dried and concentrated to provide 2.43 g(90%) 
of the desired product as a white crystalline solid. MP = 1 88.0- 1 89.5 °C. 
High. Res. FABMS: 

M+ theo. = 354.26443, obs. = 354.26588. 
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Step 2 : Preparation of N-BOC-L- and D-3,3-DicyclohexylaIanyl-L- 

proline 

In a manner identical to the example 18, step 2, from 2. 10 g 

(5.94 mmol) of N-BOC4),L-3,3-dicyclohexylalanine was obtained 0.82 g 
5 of the more polar acid diastereomer as a clear oil/foam, HR FABMS M+ 

theo. = 45 1 .3 1 720, obs. = 45 1 .3 1 764. A 1 .20 g quantity of the less polar 

diastereomer was also obtained, HR FABMS M+ theo. = 451.31720, obs. 

= 451.31 587. Each diastereomer was free of any of the other 

diastereomer by analytical HPLC and NMR. 

10 

Step 3 : Preparation of fra/i$-4-Aminocyclohexylmethyl N-BOC-L- 

and D-33-Dicvclohexvlalanvl4.-proline amide 

In a manner identical to example 18, step 3, from 264 mg of 

the more polar diastereomer of N-BOC-3,3-Dicyclohexylalanyl-L-proline 
15 was obtained 1 35 mg of the desired product as a clear glass. FAB MS : 

M+ = 561. 

Also in an identical manner from 370 mg of the less polar 
diastereomer of N-BOC-3,3-DicyclohexylalanyI-L-proline was obtained 
155 mg of desired product as a clear glass. FAB MS: M+ = 561 . 
20 Anal.(C32H56N404 . 0.70 EtOAc . 0. 1 5 H20) C,H JSL 

EXAMPLE 19 

Preparation of rran5-4-t-butoxycarbonylaminocyclohexylmethyI L- 
25 proline amide 

Step 1 : Preparation of frartM-allyloxycarbonylaminomethyl- 

cyclohexanecarboxvlic acid 

A stirred solution of 34.2 g (217.5 mmol) of trans 4- 
30 aminomethylcyclohexanecarboxylic acid (Aldrich) in 217 mL of 2M aq. 
NaOH and 217 mL of dioxane was cooled to 15°C. To this solution was 
added 25 mL (235 mmol) of allyl chloroformate (Aldrich) in a slow 
stream. After the addition, the cold bath was removed, and the solution 
was stirred overnight at ambient temperature. The reaction mixture was 
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poured slowly into a rapidly stirred mixture of 1L of 1M aq. citric acid 
and ice. The resulting mixture was stirred for 0.5 h and the precipitate 
collected by filiation, washed with water, and dried to a constant weight 
of 49.3 g (94%) of the title compound as a colorless solid. 

5 

Step 2: Preparation of frans-4-t-butoxycarbonylaminocyclohexyl- 

(allvloxvcarbonvnmethvlamine 

A stirred solution of 15.0 g (62.2 mmol) of trans-4- 
allyloxycarbonylaminomethylcyclohexanecarboxylic acid in 550 mL of 
1 0 benzene and 9. 1 mL (65.3 mmol) of triethylamine was heated to 45°C 
under Ar. Diphenylphosphoryl azide (14.1 mL, 65.3 mmol, Aldrich) was 
added in one portion, and the solution stirred for 24 h at 45 °C. The 
solution was cooled to 10°C and 65 mL of a 1 .0 M solution of lithium t- 
butoxide in THF (Aldrich) was added such that the reaction temperature 
1 5 remained between 8- 1 0°C. A second 65 mL portion of t-butoxide 
solution was added, and the solution stirred for 45°C at 8-1 2°C. This 
solution was then poured into a rapidly stirred mixture of 1M aq. citric 
acid and ice, and the resulting mixture stirred for 1 h. This mixture was 
extracted with 2 portions of ethyl acetate, the combined organic layers 
20 washed with 2x10% Na2C03, brine, and dried over Na2S04. This 
solution was poured through a pad of 150 g of silica gel, and the pad 
washed with 2 x 300 mL of ethyl acetate. Evaporation of the filtrate gave 
15.9 g (82%) of the title compound as a solid. 

25 Step 3: Preparation of/rani-4-t-butoxycarbonylaminocyclohexyl- 

methylamine 

To an At filled flask containing 5 g (4.33 mmol) of 
tetrakis(triphenylphosphine) palladium (Aldrich) and 15.92 g (50.96 
mmol) of rr<2/i5-4-t-butoxycarbonylaminocyclohexyl-(allyloxy- 

30 carbonyl)methylamine was added 220 mL of dry THF. After the solids 
had dissolved, the solution was stirred for 5 min. and 50 mL (483 mmol) 
of diethylamide (Aldrich) was added in one portion. The solution was 
stirred at ambient temperature overnight. The solvents were removed by 
rotovap, and the residue partitioned between ice-cold 0.5 M aq HC1 and 
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ethyl acetate. The organic layer was extracted with cold 0.5 M aq HC1, 
and the combined aqueous layers washed with ethyl acetate, basified with 
aq NaOH and extracted with 3 x ethyl acetate. The combined organic 
layers were washed with water, brine, dried over Na2S04 and solvents 
5 removed to give an oil that was chromatographed on 250 g of fine Si02 
using 90:10:1 chloroform-methanol-ammonium hydroxide to give 7.9 g 
(56%) of the title compound as a colorless semi-solid: NMR (CDC13) d 
0.5-1.5 (m, 4H), 1.8-1.3 (m, 1H), 1.44 (s, 9H), 1.81 (dm, J = 10.3, 2H), 
2.03 (dm, J = 10.3, 2H), 2.53 (d, J = 6.6, 2H), 3.37 (br s, 1H), 4.44 (br 
10 s, 1H). 

Step 4 : Preparation of rrans-4-t-butoxycartK)nylaminocyclo- 

hexvlmethvl L-proline amide 

To a stirred solution of 1.70 g (6.8 mmol) of Cbz-L-proline 

1 5 (Bachem), 1 .54 g (6.74 mmol) of /ra/i5-4-t-butoxycarbonylaminocyclo- 
hexylmethylamine, and 919 mg (6.8 mmol) of 1-hydroxybenzotriazole 
hydrate (Aldrich) in 1 1 mL of DMF under Ar was added 1.30 g (6.8 
mmol) of EDC and 1 .90 mL (1 3.6 mmol) of triethylamine. The solution 
was stirred at ambient temperature overnight. The solvents were 

20 removed by rotovap and the residue partitioned between CHCI3 and 1 M 
aq citric acid, the aqueous layer was extracted with CHCI3 and the 
combined organic layers were washed with 10% Na2C03, dried over 
MgS04 and the solvents removed to give 3.0 g of a glassy foam. A flask 
containing a solution of this material in 150 mL of absolute ethanol and 

25 1 .5 mL of acetic acid was treated with 1 g of 10% palladium on carbon 
and fitted with a balloon filled with hydrogen. After stirring for 7.5 h, the 
mixture was degassed and filtered to give a solution that was 
concentrated by rotovap. The resulting residue was partitioned between 
CHCI3 and cold 1M aq NaOH. The organic layer was washed with 

30 water, dried over Na2S04 and solvents removed to give a semi-solid that 
was chromatographed on 100 g fine Si02 using 93:7:0.7 chloroform- 
methanol-ammonium hydroxide to afford 1 .05 g of the title compound as 
a colorless solid: NMR (CDCI3) d 0.96-1.14 (m, 4H), 1.44 (s, 9H), 
1.66-1.82 (m,4H), 1.83-2.06 (m, 5H), 2.06-2.19 (m, 1H), 2.83-2.93 (m, 
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1H), 2.93-3.15 (m,3H), 3.38 (br s, 1H), 3.72 (dd, J = 9.1, 5.3, 1H), 
4.01 (brs, 1H),7.73 (brs, 1H). 

EXAMPLE 21 

5 

Preparation of /ra/w-4-AminocycIohexylmethyl N-2-cyclohexylethyI- 
3-cvclohexvl-D-alanvl- L-proline amide dihvdrochloride salt 

Step 1 : Preparation of /ra/w-4-AminocycIohexylmethyl N-2- 
10 phenvlethvl-3-cyclohexvl-D-alanvl-L-proline amide 

To a stirred mixture of 241 mg (0.503 mmol) of trans-4- 
aminocyclohexylmethyl 3-cyclohexyl -D-alanyl-L-proline amide, 65 uL 
(0.554 mmol) of phenylacetaldehyde (Aldrich), and 102 mg (3.78 mmol) 
of aluminum foil cut in small pieces in 13 mL of methanol was added 
15 1 3.7 mg (0.05 mmol) of mercuric chloride. The mixture was stirred 
overnight under Ar. Filtered through a pad of Celite and washed with 
methanol. The filtrate was evaporated by rotovap, the residue dissolved 
in ethyl acetate, washed with 2 x sodium potassium tartrate, brine, dried 
over Na2S04 and the solvents removed to give a residue which was 
20 chromatographed on Si02 using 96:4 chloroform-methanol to give 260 
mg of an oil. This oil was dissolved in 40 mL of ethyl acetate, cooled to 
0°C and saturated with HC1 gas. The flask was stoppered and stirred in 
the cold for 0.5 h. The solution was sparged with a stream of Ar for 1 h 
and concentrated to give an oil which was chromatographed on Si02 
25 using 99: 1 chloroform-methanolic ammonia to give 1 20 mg of the title 
compound as a colorless solid. 

EXAMPLE 22 

30 Preparation of /ra/w-4-Aminocyclohexylmethyl N-2-cyclohexylethyl- 

3-cvclohexvl-D-alanvl-L-proline amide 

A solution of 85 mg (0.176 mmol) of trans-A- 
Aminocyclohexylmethyl N-2-phenylethyl-3-cyclohexyl-D-alanyl-L- 
proline amide in 10 mL of ethanol and 3 mL of acetic acid was 
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hydrogenated at 50 psi in the presence of 33 mg of platinum oxide 
overnight. The catalyst was removed by filtration and washed with 
ethanol. Concentration of the filtrate afforded a residue which was 
partitioned between EtOAc and 1M aq. NaOH. The organic layer was 
5 washed with water, brine, dried over Na2S04 and the solvents removed 
to give 87 mg of an oil. This material was dissolved in ethyl acetate and 
treated with ethanolic HC1 to afford the title compound as a colorless 
dihydrochloride salt. 

10 EXAMPLE 23 

Preparation of /rans-4-Aminocyclohexylmethyl N-[3-(5H-dibenzo[a,d]- 

cvcloheptene-5-vO- 1 -oxopropan- 1 -vll-L-proline amide 

To a stirred solution of 87.60 mg(0.35 mmol) of 5H- 
1 5 dibenzo[a,d]-cycloheptene-5-acetic acid, 1 25.00 mg(0.35 mmol) of trans- 



